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Abstract. In recent years several researches have been done on different ways of analyzing and designing arch dams but most of them were involved with cumbersome calculations and heavy loads of computations. In this paper a novel approach for dynamic analysis of arch dams is presented. The most commonly accepted method for analyzing arch dams assumes that the horizontal water load is divided between arches and cantilevers so that the arch and cantilever deflections are equal at conjugate points in all parts of structure. In this the arch dam is modeled as non-prismatic curved beam resting on continues elastic foundation. Based on structural and mechanical principals, a flexibility based method is used to evaluate exact structural matrices and by introducing the concept of basic displacement functions (BDFs), it is shown that dynamic shape functions are derived in terms of BDFs. The flexibility basis ensures the true satisfaction of equilibrium equations at any interior point of the curved element. Dynamic stiffness matrix is evaluated by solving the governing equation of motion. Differential Transform method, a powerful numerical tool in solving of ordinary differential equations, is used for this purpose. The method is capable of modeling any curved element whose crosssectional area and moment of inertia vary along beam with any two arbitrary functions and any type of cross-section with just few numbers of elements so that it can be used in most of engineering applications concerning non-prismatic curved beams and arch dams in particu-
m and n are defined in Table 1 With respect to definition of external loads vector in finite element method, the new shape functions in non-prismatic curved beams are defined as Equation (2). 
SHAPE FUNCTIONS FOR DYNAMIC ANALYSIS
In a non-prismatic curved beam which is subjected to dynamic loads the equation of motion is assumed to be governed by
Where s= longitude of curvilinear, u= tangential displacement, v= vertical displacement, EI = flexural stiffness, EA = axial stiffness, ke = stiffness of elastic foundation, = mass per unit length and R= radius of curvature. If the subjected dynamic load defines as a harmonic load, the deflection of structure can also be assumed as harmonic.
Where is the angular frequency of harmonic load.
Definitions of dynamic shape functions are similar to definition of static shape function as presented in the last section; the only difference is that in order to obtain the dynamic shape functions the equations of motion have to be solved. For this purpose in this study a numerical method called "Differential Transform Method" is employed. Differential transform of a function and differential inverse transform are as follow (7) ( ) ( )
is the transformed function. In accord with Equation (7), it is readily proven that transformed functions complied with following basic mathematic operations
By applying the variable change = , Equation (5) and (6) 
Applying differential transform to Equations (12) and (13) besides the theorems presented at Equations (8) to (11), the following recursive expressions are obtained Regarding the definitions of basic displacement functions and Figure 3 , all boundary conditions are tabulated in Table 3 . Once the first two terms of series and first four terms of derived, concerning mentioned boundary conditions, all terms of transformed functions of and are obtained by using the recursive Equations (14) and (15). Having and matrixes, nodal stiffness matrixes are calculated. With respect to section 2 of this paper, dynamic shape functions and stiffness matrixes are similarly obtained. ) 20 (
CANTILEVER AND ARCH ACTION
The most commonly accepted method of analyzing arch dams assumes the horizontal water load is divided between the arches and the cantilevers so that the calculated cantilever and arch deflections are equal at all conjugate points in all parts of structure. The cantilever elements are assumed to be fixed at foundation and the arch elements fixed at abutments. In this paper we used this theory and presented a new method for modeling the arch dams with damreservoir interaction. We model the arches as a non-homogeneous elastic foundation that prevents arch dam's cantilevers from free displacements. So we model the structure as a Nonprismatic cantilever curved beam resting on a continuous elastic foundation (Figure 4) . 
NUMERICAL EXAMPLE
In order to verify the accuracy and competency of the presented method the double arch dam "Komarnica" in Yugoslavia with 195 m of height is chosen as a numerical example. Some of geometric properties of this dam are tabultaed in Table 4 . Now, with respect to section 4, the central arch of this structure can be modeled as nonprismatic cantilever curved beam which rests on a continuous elastic foundation ( Figure 5 ). Table 5 and Figure 6 . 
CONCLUSIONS
• According to the numerical example the presented method has high accuracy and high performance for analyzing non-prismatic beams.
• The form of the defined static shape functions and the method that used for obtaining dynamic shape functions for non-prismatic curved beams, make this method capable of modeling any continues variation in geometric properties of the dams.
• Because the functions of thickness of the dam and stiffness of the elastic foundation are continues, this method is very practical for analyzing of arch dams.
• Concerning to the results of the numerical example highly acceptable results can be achieved by employing just one element. 
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